The development of polymer membranes with tailored micro-morphology and wettability is a demand in the areas of filtration, sensors, and tissue engineering, among others. The thermoplastic copolymer poly(vinylidene fluoride-cohexafluoropropylene) (PVDF-HFP), is one of the most widely used polymers for these applications due to its good mechanical and thermal properties, biocompatibility and low density. Although the control of the PVDF-HFP morphology is a complicated task, the introduction of ionic liquids (ILs) in the PVDF-HFP matrix opens news perspectives in this area. This 
Introduction
Nowadays, the development of polymer membranes with tailored micro-morphology, mechanical properties or water absorption capacity is a demand in the areas of filtration, electronics, sensors, tissue engineering or energy, among others [1] [2] [3] . Morphology characteristics significantly determine the final mechanical, thermal, optical and electronic properties of membranes and for this reason many efforts have been devoted to understanding how to control and tailor membrane morphology, [4] [5] , as this could open new possibilities in the previously cited applications [6] [7] .
Some of the most commonly used polymers in membrane development are polyvinylidene fluoride (PVDF) and its copolymers. They are semicrystalline thermoplastic fluoropolymers with good physical and chemical properties, including good chemical and thermal stability, high polarity, low density, hydrophobic nature and biocompatibility [8] . Particularly, this family of polymers stands out for having the highest dielectric constant and the highest piezoelectric response among all the polymers. PVDF and its co-polymers are polymorphous polymers that can exhibit five crystalline phases, including two piezoelectric (γ and β-phases), which can be obtained by the control of the production method. The piezoelectric phases are 2 widely applied in the area of sensors and actuators [9] as well as emerging applications such as the development piezoelectric scaffolds for tissue regeneration in biomedical applications [10] .
In the particular case of the copolymer poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP), the inclusion of hexafluoropropylene (HFP) in the structure results in a more hydrophobic film and a lower melting point due to a decrease in the degree of crystallinity with respect to the homopolymer [11] . These characteristics make PVDF-HFP particularly interesting in the area of battery separator membranes [12] and membrane distillation [13] , among others. The control of PVDF membrane morphology is commonly a complicated task mostly restricted to the use of solvent evaporation (SE), thermally induced phase separation (TIPS), diffusion induced phase separation (DIPS) and non-solvent-induced phase separation (NIPS) techniques, where variable processing parameters are mostly limited to evaporation temperature, type of solvent or reaction time [14] [15] [16] [17] . Furthermore, these techniques mostly result in very non-uniform porosities through the thickness of membranes as the contact with the atmosphere or non-solvent takes place just at membrane surface [8] .
The use of a filler that can induce a uniform microstructure from all over the membrane could provide a more efficient morphology control method. Fillers such as clays [18] or metal nanoparticles [19] are usually added in order to introduce new or desired properties to the polymers (higher resistance, conductivity, larger dielectric response...) [20] . One of the most promising materials for this purpose are ionic liquids (ILs). These materials, commonly defined as molten salts with a melting point lower than 100 °C, are receiving large attention on a wide variety of applications including solvents [21] , energy [22] , gas separation [23] or even in biochemical processes [24] , due to their high thermal and electrochemical stability, low vapor pressure, high ionic conductivity and non-flammability. ILs have already shown the capacity to affect the morphology and size of nanoparticles when used during synthesis [25] - [27] as well as the morphology of some polymer membranes [28] .
However, their capacity to induce a specific morphology has only been studied as a parallel effect [29] , [30] . There has not, so far, been performed a systematic study about this important ability of ILs. In this work, a comprehensive and systematic study of the influence of ILs on the morphology, hydrophobicity, and thermal and mechanical properties of PVDF-HFP is presented through the production of PVDF-HFP@IL composite membranes with three ILs (diethylmethylmethylammonium trifluoromethanesulfonate, 1-methylimidazolium bis(trifluoromethylsulfonyl)imide and 1-methylimidazolium chloride) and varying methodologies (time and temperature of solvent evaporation).
The results bring out the ability of ILs to tailor the morphology and associated properties of polymer membranes. Taking into account that there exist more than 10 3 different ILs [31] , this work shows the possibility to tailor the most suitable combination of ILs to meet the desired properties of PVDF-HFP membranes for each specific applications.
Experimental

Materials
The 
Membrane preparation
The membranes were prepared through solvent casting and subsequent evaporation of the solvent at different temperatures. The effect of different parameters on the properties of the samples was analyzed. In addition, the samples dried at 80 ºC for 20 minutes were immersed in water for 48 hours to the complete removal of the IL and the resultant membranes were also subsequently characterized. The parameters of all the prepared samples are presented in Table 1 . Table 1 . Adjusted parameters on the samples preparation.
Samples characterization
In order to study the properties of the synthesized samples different measurements were carried out. The surface and transversal morphologies of the membranes were obtained using a Scanning Electron Microscope (SEM) (JEOL JSM-7000F)
with an accelerating voltage of 5kV. Prior to analysis, samples were coated with a gold layer of 15 nm using a sputter coating range with a Jasco FT/IR-6100 spectrometer in ATR mode.
Results and discussion
Morphology and hydrophobicity of the films
Representative cross-sectional SEM images of the membranes as well as images of static contact angle measurements are shown in the Figure 3 . The results reveal the existence of different morphologies and varying hydrophobic properties depending on the processing conditions and on the choice of IL. Regarding the contact angle images shown in Figure 3 , it can be appreciated that each sample responds in a different way to the presence of water. This depends on not only the choice of incorporated IL, but also on the synthesis procedure used to fabricate the membranes. Figure 4 shows the contact angle values measured immediately after the contact of the drop with the membrane surface for the different samples. As can be observed the differences between the contact angles and between obtained morphologies are particularly striking in the case of samples dried at 80 ºC. Despite being prepared by the same method, the use of different IL results in very different membrane structure. For this reason, the focus of this work is centered around membranes prepared at this temperature.
Furthermore, it is important to also analyze the effect of IL removal on the membrane morphology. As previously described, the samples prepared at 80 ºC were immersed in water for 48h in order to remove the IL. The morphology of the membranes before and after the immersion in water is shown in the cross-section images of SEM represented in the Figure   5 . present a huge increase when compared with the respective composites (92º and 59º) evidencing the important role played by the IL in the control of the hydrophilicity. Furthermore, these values are even higher than those presented by the directly processed PVDF-HFP membrane (101º) which can be explained by the differences in the roughness of membrane surfaces. Finally, we should emphasize that for the membranes where the IL has been removed through water immersion (PVDF-HFP@IL_H 2 O), the capacity of water absorption decreases with respect to the samples with IL, acquiring a behavior closer to the one of neat PVDF-HFP polymer. In this situation, the variations can be assigned to the membrane morphology. In 
Mechanical characterization
The different morphologies obtained in the samples presented in this study can be also appreciated at the macroscopic scale, where changes in the appearance and mechanical properties of the membranes are observed. The degree of crystallinity and the microstructure of the composite films are the main factor influencing the mechanical properties [35] , which are very important for their viability in different applications. To investigate this further, stress-strain curves were measured and are shown in Figure 8 -a. 
Fourier Transform Infrared Spectroscopy
The combination of different morphologic structures with the piezoelectric properties of PVDF-HFP can be an added value to widen the application possibilities of this polymer. However, inducing the piezoelectric crystal phase (β or γ) in PVDF-HFP can be a tricky process, especially if non-porous structures are desired [9] . Recent studies describe the capacity of ILs to induce a piezoelectric phase in PVDF even under conditions that usually result in the non-piezoelectric α-phase [40] . In order to identify the crystalline phase of the composite membranes presented in this work, FTIR-ATR measurements were performed and are presented in Figure 10 . As shown in Figure 10 bands points to a mix of the γ and β-phase in the polymer structure. The coexistence of these two phases prevents their relative quantification, since actual quantification methods only consider the coexistence of α and β-phases or α and γ-phases [9] . Either way, the absence of α-phase's characteristic bands indicates a complete crystallization of PVDF-HFP@IL_H 2 O_80ºC into piezoelectric phases, underlining 13 how using ILs during fabrication can achieve specific morphologies and crystal properties and open the possibility of tailoring these materials to a wide variety of applications. we demonstrate that the introduction of the composites in water leads to the removal of the IL present in the polymer matrix, which conserves the morphology of the produced membrane and recovers most of the typical characteristics of the neat PVDF-HFP (hydrophobicity, thermal stability, piezoelectric crystallinity, among others), and can also be used to induce piezoelectric phases in the material. The possibility of tailoring PVDF-HFP membranes morphology through the variation in the choice of the introduced IL is of particular interest and opens new possibilities in the area of membranes production, particularly the extensive range of ILs commercially available means that a wide variety of membrane structures could be obtained through this approach. The appropriate choice of IL and production method will lead to the achievement of desired properties and allow the application of polymer membranes in fields where their morphological properties need to be optimized.
Conclusions
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